Introduction
In southernmost Spain, Palaeozoic rocks, usually metamorphic, are exposed only in the Internal Domain of the Betic Cordillera that is the westernmost European Alpine Belt (Herbig, 1984; Martín-Algarra, 1987; Martín-Algarra et al., 2004) . None-theless, thick terrigenousclastic sedi-mentary Palaeozoic successions are present in the Malaguide Complex, where Llandovery to Bashkirian deposits have been dated mainly by conodonts. Conodonts are, consequently, essential tools for improving the poorly known Palaeozoic stratigraphy, and understanding the very complicated Alpine and pre-Alpine tectonic structure and geological history of this belt.
Silurian, Devonian and Carboniferous conodonts were reported by Kockel (1959) and Kockel and Stoppel (1962) in the western outcrops of the Malaguide Complex and, a few years later, in the eastern regions (van den Boogaard, 1965) . Herbig (1984 Herbig ( , 1985 identified several Middle and Upper Devonian and Carboniferous biozones; Rodríguez-Cañero (1993a) demonstrated the presence of many conodont biozones of the Middle and Upper Silurian, the Lower, Middle and Upper Devonian, and the Lower Carboniferous (Table 1) . Most of these conodonts were obtained from:
(i) tectonically isolated and scattered Silurian and Devonian car-bonate outcrops with stratigraphic successions that vary from a few metres to several tens of metres in thickness (Kockel, 1959; Kockel and Stoppel, 1962; Herbig, 1984 Herbig, , 1985 Rodrıíguez-Cañeero, 1993a,b) ; (ii) Low-er Carboniferous thin siliceous and carbonate deposits intercalated between unfossiliferous turbiditic slates and greywackes (Herbig, 1983; Rodríguez-Cañero and Guerra-Mercha´ n, 1996; O'Dogherty et al., 2000; NavasParejo et al., 2008); and (iii) centimetre-to few metre-sized Devonian-Carboniferous carbonate clasts included within Carboniferous conglomerates (Buchroithner et al., 1980; Herbig, 1984) .
The existence of Ordovician deposits in the Malaguide Complex of the Betic Cordillera was suspected but, until now, not biostratigraphically demonstrated. The present study reveals the existence of Upper Ordovician strata, which have been dated by conodonts of the Amorphognathus ordovicicus Biozone for the first time in the Betic Cordillera. In spite of its local character, this discovery is rele-vant because it represents the firstsolid evidence of the presence of ordovician rocks in the Palaeozoic successions of the Western Mediterranean Alpine Chains that extend from southern Italy to Gibraltar. Consequently, this allows correlation with the well-known succession in the Alps and in other North-Gondwanic areas, and with the new standard chronostratigraphic scale (Bergstro¨ m et al., 2009) .
Geological setting
As is usual for mountain belts in the Western Mediterranean Alpine Orogenic System, the Betic Cordillera is divided into tectonic units belonging to the External, Flysch and Internal Domains (Durand-Delga and Fontbote´ , 1980; Vera and Martı´ nAlgarra, 2004 (Lafuste and Pavillon, 1976; Gómez-Pugnaire et al., 1982) . The Malaguide Complex is exposed widely at Ardales, 30 km to the NE of Ma´ laga, where it forms a narrow, discontinuous and strongly tectonized klippen belt (Fig. 1) . The Malaguide succession cropping out there ( Fig. 2) consists of Ordovician to Upper Car-boniferous rocks that were strongly deformed during pre-Alpine and Alpine events (Martín-Algarra et al., 2009a) . Palaeozoic rocks include turbidites and slates, with subordinate conglomerate, chert and pelagic lime-stone bearing conodonts, and make up part of two superimposed Variscan tectonic units with different Palaeozoic successions, assigned to the Ermita (lower) and Peña del Castillo (upper) units (Martín-Algarra et al., 2009b) .
From bottom to top, the studied succession in the Ermita Unit consists of ( 
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The Ordovician conodont association slightly metamorphic pre-Devonian slate and metasandstone belonging to the Morales Formation; (b) a thick and strongly folded succession of Devonian (?) calcareous slate and fine-grained turbiditic limestone of the Santi-Petri Formation; (c) a few tens of metres of slate and fine-grained sandstone with some discontinuous bodies of basic volcanic rock; (d) a few-metre-thick lens of grey-bluish fine-grained and thinly bedded pelagic limestone, with Lower to Middle Devonian conodonts and dacryoconarids (Rodríguez-Cañero, 1993a), which is bound by a thin brecciated horizon; and (e) a few metres of strongly sheared black radiolarian cherts, which are locally associated with bluish limestone bearing Lower Carboniferous (Visean) conodonts. This chert and limestone belonging to the Falcoña Formation is truncated by a preAlpine thrust fault that was found in a block of recrystallized bioclastic limestone that lies within a siliceous-ferruginous-calcareous claystone horizon (<1 m thick) with discontinuous calcareous breccia, in the basal chert beds on top of the Middle Devonian pelagic limestone (levels e and d, above mentioned, respectively). The inclusion of the Ordovician block within surrounding sediments was probably the result of submarine sliding and resedimentation (see discussion in Martı´ n- Algarra et al., 2009a; p. 256) . The sampled limestone block has a volume of about 0.3 m 3 (Fig. 3 ). In total, 146 conodont elements were recovered; the recognized taxa are summarized in Table 2 . Specimen abundance is moderately high, with 75 elements per kg of dissolved sample. Conodont element size ranges from 0.2 to 1 mm, thus indicating that hydrodynamic sorting was minimal. The specimens are well preserved in general: only a few are fragmentary; the colour alteration index of Epstein et al. (1977) is 4-4.5.
The low-diversity conodont fauna from Ardales includes Walliserodus Serpagli, 1967; Scabbardella Orchard, 1980; Amorphognathus Branson and Mehl, 1933; Hamarodus Viira, 1974 and Protopanderodus? Lindstro¨ m, 1971 (Figs 4 and 5) . Coniform ele-ments comprise more than 80% of the conodont collection; Walliserodus, including forms closely related to Silurian species, dominates the fauna (Figs 4 and 5) . The genera Sagitto-dontina Knu¨ pfer, 1967 and Istorinus Knu¨ pfer, 1967 are, however, absent, although they are typical genera of the Mediterranean Province and indicative of the polar to subpolar regions of higher latitudes around Northern Gondwana (Sweet and Bergstro¨ m, 1984) . Consequently, the Late Ordo-vician fauna found at Ardales cannot be ascribed to any of the Ordovician palaeobiogeographic provinces de-fined by Bergstro¨ m (1973, 1990) and Sweet and Bergstro¨ m (1984) , neither can it be ascribed to any of the biofacies proposed by Sweet and Bergstro¨ m (1984) .
The conodont association of the Malaguide Complex at Ardales is very peculiar and differs significantly in taxonomic composition from associations in other areas of the Variscan Orogen of the Iberian Peninsula dated as Katian, where Sagittodontina Knu¨ pfer, 1967 and Istorinus Knu¨ pfer, 1967 are common (Fuganti and Serpagli, 1968 Carls, 1975; Hafenrichter, 1979; Sarmiento, 1990 Sarmiento, , 1993 Sarmiento et al., 1995 Sarmiento et al., , 2001 Sarmiento et al., , 2008 Sarmiento and Gutie´ rrezMar-co, 1999; Del Moral, 2003 , 2005 , 2007 Del Moral and Sarmiento, 2008 Fuganti and Serpagli, 1968; Hafenrichter, 1979; Sarmiento, 1990 Sarmiento, , 1993 Sarmiento and Gutie´ rrezMar-co, 1999; Sarmiento et al., 2001; Del Moral, 2007; Del Moral and Sarmi-ento, 2008) Weyant et al., 1977) , Sardinia (Ferretti and Serpagli, 1999) Sarmien-to, 1995) (Table 3) .
As previously indicated, the Ardales fauna contains Walliserodus elements with a morphology similar to that of Silurian species (Figs 4 and 5 ). This suggests a replacement of Ordovician taxa by Silurian-like faunas in the latest Ashgill, as proposed by Barnes and Bergstro¨ m (1988) .
The Ardales conodonts correspond to generalist and eurythermal species from the Atlantic Faunal Region, as (Serpagli, 1967, b element; 03A-69-60. (a) Inner lateral view; (b) outer lateral view. 3. Walliserodus amplissimus (Serpagli, 1967) (Serpagli, 1967) , e element; 03A-69-57. (a) Inner lateral view; (b) outer lateral view. 6. Walliserodus amplissimus (Serpagli, 1967) , e element; 03A-69-5. (a) Inner lateral view; (b) outer lateral view. 7. Walliserodus cf. amplissimus (Serpagli, 1967) , a element; 03A-69-29. (a) Outer lateral view; (b) inner lateral view. 8. Walliserodus cf. amplissimus (Serpagli, 1967) , b element; 03A-69-39. (a) Inner lateral view; (b) outer lateral view. 9. Walliserodus cf. amplissimus (Serpagli, 1967) , a element; 03A-69-26. (a) Inner lateral view; (b) outer lateral view. 10. Walliserodus cf. amplissimus (Serpagli, 1967) , a element; 03A-69-17. (a) Inner lateral view; (b) outer lateral view. 11. Walliserodus cf. amplissimus (Serpagli, 1967) , b element; 03A-69-59. (a) Inner lateral view; (b) outer lateral view. 12. Walliserodus cf. amplissimus (Serpagli, 1967) . ....................................................................................................................................................... Bergström, 1990) . This suggests that the Malaguide fauna evolved under ecologically stressed conditions, and that only species adapted to rapidly changing environments survived. Hir-nantian conodont associations from the Atlantic Faunal Region are, in general, very scarce and poorly diversified (Orchard, 1980; Bergstro¨ m and Orchard, 1985; Barnes and Williams, 1988) . Moreover, they are absent from Hirnantian strata in other Spanish sites (Iberian Massif), where the sed-iments are dominated by glaciomarine diamictites (Carls, 1975; Robardet, 1981; Fortuin, 1984; and Robardet and Dore´ , 1988 , among others). (Serpagli, 1967) , Sc element; 03A-69-106. (a) Inner lateral view; (b) outer lateral view. 9. Scabbardella altipes (Henningsmoen, 1948) , a element; 03A-69-74. (a) Outer lateral view; (b) inner lateral view. 10. Scabbardella altipes (Henningsmoen, 1948) , b? element; 03A-69-79. (a) Inner lateral view; (b) outer lateral view. 11. Scabbardella alt-ipes (Henningsmoen, 1948) , a element; 03A-69-74. (a) Outer lateral view; (b) inner lateral view. 12. Scabbardella alt-ipes (Henningsmoen, 1948) , e element; 03A-69-64. (a) Outer lateral view; (b) inner lateral view. 13. Amorphognathus cf. ordovicicus Branson and Mehl, 1933, Pa element; 03A-69-67, upper view. 14. Amorphognathus cf. ordovicicus Branson and Mehl, 1933, Pb element; 03A-69-72 . Chalouan and Michard, 1990; Michard et al., 1991, among others) . (Fig. 7) .
